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Reports suggesting an increasing incidence ofmale genitourinary anomalies such as hypospadias,
possibly related to environmental factors such as environmental estrogen-like compounds, have
recendy received considerable publicity. These reports are based on birth defects registry data,
and there may be variation in the completeness ofthe regstres used. We analyzed temporal
trends in the prevalence ofhypospadias in Finland to assess the previously reported low overall
prevalence and todetec anypossible increasing tendencies duringthe pastdecade. We idenified
aLlpatientswhowere surgicallytreatedforhypospadias before theageof9yearsamongboysbom
1970-1986 in the national hospital discharge registry. We calculated the acmulative prevalence
bydividing the numberofpatients bythenumberofmale births, andwe used Poissonre on
analysis. Out of549,176boys born in Finland in 1970-1986, 1,543weretrted forhypospai
bythe ageof8 years (28.1 surgicallytreatedpatients per 10,000 malelivebirths; 95% confidence
interval, 26.7-29.5). Theprevlence ofhypospadias in Finland remained constant throughoutthe
studyperiodandappears tohavebeenapproximatelythreetimes higherthanpreviouslyreported.
Changes in completeness ofregistration may account for asubstantial proportion ofthe reported
increases intheprevalence ofhypospadias in Finland andpossiblyalso elsewhere. Key onL epi-
deniology, Finland, hypospadias, incidence, prevalence. Environ Heath Petrsect 108:463-465
(2000). [Online31 March 2000]
/npr//ehpnetl.niehs.nih.opv/docs/2000/108p43-465abo/abstrac.html
Hypospadias is one ofthe mostcommon con-
genital anomalies (1). In this condition, the
urethral meatus exits proximal to the glans
penis as a result offailure ofthe urethral fold
to unite over and cover the urethral groove
during the first trimester ofembryonal devel-
opment (2). The etiology of hypospadias is
unknown; however, because androgens stim-
ulate penile growth and development,
endocrinologic mechanisms probably have a
major role (2. The prevalence ofhypospadias
varies widely across different populations,
ranging from 0.37 to 41 per 10,000 infants
(3-5). The comparability ofreported rates is
poor, however, because ofdifferences in ascer-
tainment and diagnostic criteria (indusion or
exclusion ofminor cases). Further, the quality
of data in malformation registries has not
been evaluated in a systematic fashion, and
there may be a considerable variation in com-
pleteness over time. Increasing temporal
trends in hypospadias have been suggested,
but very fewlongitudinal studies covering the
samepopulation havebeenpublished (5).
A recent study based on two birth defect
surveillance systems indicated a doubling in
the rate ofhypospadias in the United States
during the 1970s and 1980s, from approxi-
mately20 to almost 40 cases per 10,000 births
(6). During the same period, the reported
birth prevalence ofhypospadias in Denmark
andNorwayhas increased fromapproximately
7 to 15-20 per 10,000 births, whereas the
reported prevalence in Finland has increased
slightly, but remained below that in other
Nordic countries, approximately 5/10,000
births (3,7). The most recently reported birth
prevalence of hypospadias in Finland (birth
year 1997) was approximately 28/10,000 male
births, indicating a substantial increase from
the 1980s andthebeginningofthe 1990s (7).
Reports suggesting an increasing inci-
dence of male genitourinary anomalies such
as hypospadias, cryptorchidism, and testicular
cancer, as well as dedining semen quality in
several industrialized countries, have recently
received considerable publicity (3,5,8,9).
Because these changes have occurred over a
relatively short period, environmental rather
than genetic factors are likely to provide a
plausible explanation (10). A number ofenvi-
ronmental compounds including some drugs,
tobacco, alcohol, pesticides, andheavymetals,
have been shown to have estrogen-likeeffects,
and they have been suggested as a common
cause for these male reproductive organ
abnormalities (3,5,9,10). Disruption of the
endocrine andreproductive systems as a result
of relatively high exposure levels has been
demonstrated in laboratory experiments and
in some animal populations (9,1 ).
We studied the temporal trends in the
prevalence ofhypospadias in Finland among
boys born in 1970-1986 using data from
thehospital discharge registry.
Materials and Methods
We identified all patients treated forhypospa-
dias [International Classification ofDiseases-
Revision 8 (ICD-8 codes 752.20-752.22 and
752.29 and ICD-9 code 7526B) (12)] before
9 years of age among boys born in
1970-1986 from the national hospital dis-
charge registry, which covers all public and
private hospitals in Finland. We eliminated
duplicate records and patients who were not
born in Finland. We calculated the cumula-
tive prevalence from birth to 8 years of age
for each birth cohort by dividing the cumu-
lative number ofsurgically treated patients
by the number of male live births in the
index year. We assessed the temporal trend
using Poisson regression analysis of the
cumulative prevalence (number of treated
cases divided by the logarithm of the num-
ber of births) across the 17 one-year birth
cohorts, with year of birth as a continuous
variable. We assessed goodness offit bycom-
paring nested models with a likelihood
ratio test.
Results
A total of 549,176 male children were born
alive in Finland between 1970 and 1986,
approximately 30,000 annually (Table 1).
The total number of patients treated for
hypospadias in that period was 1,543. The
mean cumulative prevalence of hypospadias
requiring treatment by the age of8 years was
28.1/10,000 male live births [95% confi-
dence interval (CI), 26.7-29.5]. In the
regression analysis of cumulative prevalence
by birth year, we observed more heterogene-
ity between individual years than could be
expected on the basis of chance alone (p
<0.05). However, there was no evidence for
a linear trend across birth years. The preva-
lence remained constant throughout the
study period (relative change 0.00/year; CI,
-0.01 to +0.01) (Figure 1). Dividing the
study period into 5-year periods did not
improve the fit (p > 0.5), nordid asinusoidal
function ofbirthyear (p> 0.5).
Discussion
The prevalence of hypospadias in Finland
remained constant in birth cohorts from
1970 to 1986. Based on the upper 95% con-
fidence interval, we could exclude a relative
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increase of > 12% over the 16-year study
period. In addition, our results based on hos-
pital discharge data suggest a substantially
higher overall prevalence for earlier years
than previously reported (Figure 2), which is
comparable to otherNordic countries (3,2).
In Finland, all children are examined at
birth by a pediatrician. After the neonatal
period the national child health surveillance
system, with an extensive network of child
health clinics, provides medical care free of
charge. All children are examined bya physi-
cian four times during the first 2 years and
then once annually up to the age of6 years.
Attendance is almost 100% (13). All patients
with an abnormality are referred to a special-
ist centerforevaluation and treatment.
Our material included patients who were
treated surgically before 9 years of age, as
recorded in the hospital discharge registry.
We chose the cutoffat 9 years ofage because
the prevalence of treated hypospadias
increased until that age. However, this cutoff
did not allow us to analyze more recent birth
cohorts.
Because no information on outpatient
visits is currently available in the hospital
discharge registry, we cannot assess the small
possibility ofan increase in the prevalence of
cases not treated with surgery. No major
changes in the treatment policyhave occurred
that could have affected the results. Since the
1960s orearlier, even minorcases ofhypospa-
dias have been surgically treated before chil-
dren reach school-age. More recently, mod-
ern operative techniques and equipment
have enabled treatment at earlier ages (14).
These new techniques have improved the
results of surgery for minor forms of
hypospadias; therefore, it is unlikely that an
increasing number of cases would be left
untreated. If there were such cases, they
would have most likely occurred in the early
Table 1. The number of male live births and the
number of patients surgicallytreated for hypospa-
dias annually between 1970 and 1986.
No. of
males born
33,014
31,085
30,376
29,300
31,853
33,817
34,306
33,624
32,838
32,223
32,349
32,453
34,005
34,194
33,230
32,012
31b035
No. of patients
with hypospadias
91
92
93
91
85
124
91
85
89
81
65
86
80
97
96
93
104
birth cohorts, whichwould be reflected as an
increasing prevalence over time. Thus, our
findings suggesting a lack ofincreasing trend
are notweakened bythis possibility.
The diagnostic criteria for hypospadias
have not been perfectlydefined; in a German
study of 500 "normal" men, only 55% had
the urethral meatus in the distal third ofthe
glans (15). This suggests that a similar preva-
lence ofunrecognized defects could be found
amongchildren because hypospadias is a con-
genital anomaly and all defects exist at birth.
Sensitivity to observe and report this abnor-
malityis likelyto vary, which mayaccount, in
part, for the reported differences over time
andacross populations.
A previous report based on malforma-
tion registry data (3) suggested low overall
prevalence ofhypospadias in Finland and a
slight increasing trend during the 1970s and
1980s. A marked increase based on more
recent malformation registry data seems to
have occurred after the 1980s (2). We believe
that the difference between our results and
the previous reports is because cases were
underreported to the malformation registry
between the 1970s and the early 1990s. We
consider the validity of our approach to be
superior to approaches based solely on
reports to national malformation registries,
especially concerning long-term trends in
past years. Substantial underreporting of
hypospadias to these registries has previously
been demonstrated in Finland and in other
Nordic countries (4,16). Kallen et al. (4)
estimated that, in the 1970s, approximately
one-third ofinfants with hypospadias severe
enough to require surgerywere not primarily
registered in Sweden; in Denmark, the cor-
responding figure was almost two-thirds.
Until recent years in Finland, a higher num-
ber ofhypospadias has been reported annual-
ly to the hospital discharge registry than to
the malformation registry, which suggests
more complete coverage for the hospital dis-
charge registry (16). In 1996 and 1997, the
prevalence ofhypospadias ascertained by the
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Figure 1. The cumulative prevalence of hypospa-
dias before 9 years of age in Finland among birth
cohorts from 1970 to 1986. Points indicate the
mean prevalence among each birth cohort, the
bars indicate 95% confidence intervals, and the
transverse line is a regression line.
Finnish Birth Defects Registry was approxi-
mately 28/10,000 male births, which is very
similar to ourresults, buthigherthan the rates
reportedbythemalformation registryforearli-
er years (7). This apparent increase, however,
is explained by improved registration. During
the last fewyears, the birth defects registryhas
used both the malformation registry and the
hospitaldischarge registryin theregistration of
birth defects; previously only the malforma-
tion registrywas used (7).
The link between environmental estro-
gens and hypospadias has been based pri-
marily on observations among nonmammal
vertebrates and experimental in vivo studies.
Many compounds in our environment have
the potential to cause changes in the normal
development of genitourinary organs (17).
Environmental factors may account for the
reported geographic differences in the inci-
dence ofhypospadias and other reproductive
disorders. However, etiologic evidence based
on analysis oftime-series data alone must be
regarded as tentative, or hypothesis-generat-
ing at most. Studies adopting avigorous ana-
lytical approach, such as valid exposure
assessment at an individual level, remain
rare. Recent reanalyses of sperm count data
have not unequivocally confirmed a decline
in sperm quality in Europe or in the United
States, but have demonstrated wide geo-
graphic variation (18,19). A recent analysis
of data on hypospadias from large birth
defects registries concluded that numerous
artifacts may contribute to reported increas-
ing trends in hypospadias (20). Analysis
based on surgically treated cases alone may
underestimate the true prevalence, but the
fact that we found higher rates ofsurgically
treated cases than have been reported from
the national malformation registry clearly
indicates an incomplete coverage ofthe mal-
formation registry for thestudyperiod.
We did not find evidence for an increas-
ing trend in the incidence of hypospadias,
based on a large group ofsurgically treated
cases identified from a national hospital
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Figure 2. The cumulative prevalence of surgically
treated hypospadias in Finland among birth
cohorts from 1970 to 1986 observed in the current
study (data points as compared to the prevalence
reported by the Finnish Malformation Registry
between 1974 and 1997 (solid line) (7).
VOLUME 1081 NUMBER 51 May 2000 * Environmental Health Perspectives
Year
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985`
1986
464Children's Health * Prevalence of hypospadias in Finland
discharge registry. Demonstration of the
effect of an etiologic factor, such as com-
pounds with estrogen-like effects, requires
more rigorous approaches than ecologic
studies and time-series analyses. Reported
increases in the incidence of hypospadias
may be attributable in part to improvements
in registration over time.
REFERENCES
1. Stock JA, Scherz HC, Kaplan GW. Distal hypospadias.
Urol Clin N Am 22:131-138(1995).
2. Belman BA. Hypospadias and other urethral anomalies.
In: Clinical Pediatric Urology, 3rd ed. (Kelalis PP, King LR,
Belman BA, eds). Philadelphia, PA:W.B. Saunders
Company, 1992;619-663.
3. Ministry of Environment and Energy, Denmark. Male
Reproductive Health and Environmental Chemicals with
Estrogenic Effect. Miljoprojekt nr 290 1995. Copenhagen:
Danish Environmental Protection Agency, 1995.
4. Kallen B, Bertollini R, Castilla E ,Czeizel A, Knudsen LB,
Martinez-Frias ML, Mastroiacovo P, Mutchinick 0. A
joint international study on the epidemiology of
hypospadias. Acta Paediatr Scand 324(suppl):1-52
(1986).
5. Jensen TK, Toppari J, Keiding N, Skakkebaek NE. Do
environmental estrogens contribute tothe decline in male
reproductive health? Clin Chem 41(12 Pt 2):1896-1901
(1995).
6. Paulozzi W, Erickson JD, Jackson RJ. Hypospadias trends
in two US surveillance systems. Pediatrics 100:831-834
(1997).
7. National Research and Development Centre for Welfare
and Health, Finland. Unpublished data.
8. Carlsen E, Givercman A, Keiding N, Skakkebaek NE.
Evidence for decreasing semen quality during past 50
years. Br Med J 305(6854):609-613 (1992).
9. Male reproductive health and environmental oestrogens
[Editorial]. Lancet345(8955):933-935 (1995).
10. Givercman A, Carisen E, Keiding N, Skakkebaek NE.
Evidence for increasing incidence of abnormalities of
the human testis: a review. Environ Health Perspect
101(suppl.2):65-71 (1993).
11. Cooper RL, Kavlock RJ. Endocrine disruptors and repro-
ductive development: a weight-of-evidence overview. J
Endocrinol 152:159-166 (1997).
12. WHO. International Classification of Diseases, Manual
of the Internationl Statistical Classification of Dis-
eases, Injuries, and Causes of Death: Based on the
Recommendations of the Eighth Revision Conference,
1965, and adopted by the Nineteenth World Health
Assembly. Geneva:World Health Organization, 1969.
13. Hermansson T, Aro S, Bennett CL. Universal access to
health care in a capitalistic democracy. JAMA 271:1957-
1962(1994).
14. American Academy of Pediatrics. Timing of elective
surgery on the genitalia of male children with particular
reference to the risks, benefits, and psychological
effects of surgery and anesthesia. Pediatrics 97:590-594
(1996).
15. Fichtner J, Filipas D, Mottrie AM, Voges GE, Hohenfellner
R. Analysis of meatal location in 500 men: wide variation
questions need for meatal advancement in all pediatric
anterior hypospadias cases. J Urol 154:833-34 (1995).
16. Hemminki E, Merilainen J, Teperi J. Reporting malforma-
tions in routine health registers. Teratology 48:227-231
(1993).
17. Hajek RA, Robertson AD, Johnston DA, Van NT,
Tcholakian RK, Wagner LA, Conti CJ, Meistrich ML,
Contreras N, Edwards CL, et al. During development, 17a-
estradiol is a potent estrogen and carcinogen. Environ
Health Perspect 105(suppl 3):577-581 (1997).
18. Swan SH, Elkin EP, Fenster L. Have sperm counts
declined? A reanalysis of global trend data. Environ
Health Perspect 105:1228-1232 (1997).
19. Saidi JA, Chang DT, Goluboff ET, Bagiella E, Olsen G,
Fisch H. Declining sperm counts in the United States? A
critical review. J Urol 161:460-462(1999).
20. Paulozzi U. International trends in rates of hypospadias
and cryptorchidism. Environ Health Perspect 107:297-302
(1999).
Maximizeyour exposure!
Place your position announcement in EHP and receive a free listing on the
Environmental Health Information Service at *iig£ s s - visited nearly
8oo,ooo times a monthl
For mnore information, call 919-541-5257.
Environmental Health Perspectives . VOLUME 1081 NUMBER 51 May2000 465